Objectives: To establish the usefulness of echocardiography for the clinical classification of patients with Chagas disease and to determine the predictors of mortality and clinical events. Methods: 849 patients with chronic Chagas disease with a mean follow up of 9.9 years were studied. On admission, ECG, chest radiograph, and two dimensional echocardiogram were obtained from all patients. Clinical events were defined as new ECG abnormalities, change in clinical status resulting in transfer to another group, and death. Morphologically characterised segmental lesions were also seen in 12 patients on a second harmonic echocardiogram with intravenous contrast agent. Univariate and multivariate analysis for clinical events and mortality were performed. . Segmental lesions were seen in 66 (13%) and systolic dysfunction was seen in four of 505 (0.8%) patients with normal ECG. Significant differences were found between the groups of patients (group 0: reactive serology and normal ECG and chest radiography without cardiac enlargement and no signs of heart failure; group 1: reactive serology and abnormal ECG and chest radiography without cardiac enlargement; group 2: reactive serology and abnormal ECG and chest radiography with cardiac enlargement and no signs of heart failure). Conclusion: Echocardiography was useful both to characterise and to determine the prognosis of patients with chronic Chagas disease without heart failure.
C
hagas disease is the main cause of infectious myocarditis, 1 affecting about 25% of the 15-20 million Latin Americans who are infected. 2 Infection with Trypanosoma cruzi exhibits both an acute and a chronic phase, separated by an indeterminate period, in which the patient is relatively asymptomatic. 3 However, even when the asymptomatic period lasts 10-30 years, infected patients may develop signs and symptoms of chronic Chagas disease. Various factors have been reported to contribute to the progressive heart damage of Chagas disease, 4 such as the aetiological agent or antigenic components of the parasite in cardiac tissue 5 6 and an abnormal immune response that fails to control the infection. 7 8 These lead to cellular damage and diffuse or focal chronic myocarditis, with evolution to fibrosis. 9 The main feature of chronic Chagas disease is the development of cardiomyopathy, which is usually observed in adults who were infected in childhood. 10 The polymorphism of the clinical manifestations 11 can be summarised as follows: intraventricular conduction system abnormalities, ventricular arrhythmia, sinus node dysfunction, left ventricular segmental lesions, and enlargement and dysfunction of left ventricle with or without heart failure. The main causes of death are heart failure and sudden death (about 70% and 30%, respectively). 12 Echocardiography is a useful complementary method for the follow up of patients with chronic Chagas disease myocarditis; however, echocardiograms are not part of the clinical classification of patients with chronic Chagas disease. 13 14 Moreover, few studies involving large numbers of patients have been carried out to establish the prognostic value of the echocardiographic variables for the evolution of cardiomyopathy or death. Most of the studies examined patients with heart failure or advanced heart disease.
congenital, hypertensive, coronary, alcoholic, or other associated cardiomyopathies were excluded from this study. ECG, stress testing, chest radiography, and two dimensional echocardiography were performed on admission in all patients with confirmed positive serology for T cruzi.
Patients were classified into clinical groups according to Kuschnir 22 : group 0, reactive serology and normal ECG and chest radiography without cardiac enlargement; group 1, reactive serology and abnormal ECG and chest radiography without cardiac enlargement; and group 2, reactive serology and abnormal ECG and chest radiography with cardiac enlargement and neither radiological nor clinical signs of heart failure. Group 3 patients, presenting with heart failure, were excluded because they were considered to be at the end stage of the disease and therefore to have a high expected mortality.
During follow up, complete right bundle branch block, left anterior fascicular block, complete left bundle branch block, ventricular premature complexes of Lown degree II or greater, electrical inactivation areas, atrial flutter, atrial fibrillation, atrial tachycardia, sinus bradycardia , 50 beats/ min, sustained and non-sustained ventricular tachycardia, second degree type II atrioventricular block, complete atrioventricular block, and placement of pacemakers 21 were considered either previous ECG abnormalities related to the disease or new ECG abnormalities related to the disease. Once divided into clinical groups, patients were periodically evaluated as follows: group 0, ECG every six months to one year; group 1, ECG every four months; and group 2, ECG every three months. Holter monitoring or repeated stress testing and echocardiogram were optional for groups 0 and 1, according to symptoms or to the observation of new ECG abnormalities related to the disease and otherwise done every five years. Chest radiographs were taken of all the patients every year. Echocardiograms were performed every two years. Holter monitoring and stress testing were optional for patients belonging to group 2. A Toshiba SSH 140 A ultrasound (Toshiba, Tokyo, Japan) and 2.5-3.7 MHz transducers were used to run the echocardiograms.
Prognostic variables
Age on admission, years of follow up, presence of either ECG abnormalities related to the disease or new ECG abnormalities related to the disease, change in clinical status resulting in transfer to another group, right ventricular diastolic dimension, left ventricular diastolic and systolic dimensions, left atrial systolic dimension, diastolic posterior wall thickness, diastolic septal wall thickness, radius to thickness ratio, left ventricular systolic dysfunction (as reported by the physician), ejection fraction (Teichholz), and the presence of segmental lesions were analysed to study mortality and clinical events. These variables were also used to compare the clinical groups on admission. New ECG abnormalities related to the disease, change in clinical group, and death were defined as clinical events, taking into account only one per patient. New onset heart failure was considered to be a clinical event that was included in the variable change in clinical group. Only cardiac death was taken into account, without distinguishing the mechanisms of cardiac arrest (heart failure, sudden death, and thromboembolic events).
Type and location of segmental lesions
The types of regional contraction abnormality, as established by the American Society of Echocardiography, 23 were defined as hypokinesis, akinesis, dyskinesis, and aneurysmal. Segmental lesions found in the apical, posterior, inferior, anterior, lateral, and septal cardiac walls were recorded. To improve the identification of morphological differences between segmental lesions, 12 patients were selected for further analysis by two dimensional echocardiography (ATL 3000 with 2.5 MHz transducer) with a second harmonic and contrast agent (4 g of intravenous contrast agent (Levovist NR) administered over a 10 minute period).
Statistical analysis
A univariate analysis was performed to determine differences in mortality and clinical events. Student's t test was applied for continuous variables and x 2 test for categorical variables. Only variables shown to be statistically different in the univariate analysis were used in the multivariate analysis with logistic regression. For the analysis of logistic regression of mortality, ejection fraction was considered an offset variable because of its well known prognostic value for mortality and its colinearity with left ventricular systolic dimension. To compare continuous variables (described above under ''Prognostic variables'') between clinical groups, were found in the anterior wall; instead, most cases of akinesis were recorded in both the inferior and posterior walls. One hundred and forty seven of 283 segmental lesions were found in the apical wall (52%), 61 in the posterior wall (21%), 33 in the interventricular septum wall (12%), 31 in the inferior wall (11%), 8 in the lateral wall (3%), and 3 in the anterior wall (1%). Twenty eight of 211 (13%) patients with segmental lesions had lesions involving more than one wall (25 patients with two combined lesions and three with three combined lesions).
Morphological characterisation of segmental lesions
Three types of segmental lesions were differentiated by the morphology and extension of the segmental damage: type I, thinning of the wall or ''hollow punch'' ( fig 1A, B) ; type II, apical hernia projecting from the external cardiac edge with normal systolic function ( fig 1C) ; and type III, extensive wall thinning, without hernia, similar to myocardial infarction expansion ( fig 1D) . In one patient all three kinds of segmental lesions were observed ( fig 1E) .
Relation between the echocardiogram and the clinical status of patients with chronic Chagas disease Table 4 shows the relation between the echocardiographic findings and patients' clinical status according to the Kuschnir classification on admission. Among group 0 patients, 13% had segmental lesions and 0.8% had systolic dysfunction. Significant differences were found in the left ventricular diastolic and systolic dimensions and E point septal separation with reference to groups 0, 1, and 2, even though in groups 0 and 1 the measurements were within the normal range. All the echocardiographic parameters except diastolic posterior wall thickness and diastolic septal wall thickness were significantly increased in group 2 in comparison with groups 0 and 1.
DISCUSSION
The most significant prognostic index of mortality in our study was a change in clinical group. Both left ventricular systolic dimension and ejection fraction were independent predictive values, suggesting that systolic dysfunction may be an important factor in cardiac death. However, systolic dysfunction as reported by the physician did not have a prognostic value probably because this is a qualitative measure. Conversely, left ventricular diastolic dimension, left atrial systolic dimension, radius to thickness ratio, and presence of segmental lesions were not predictors of mortality, as suggested by other authors. 17 24 25 This suggestion was based either on the well known association between left ventricular enlargement, increased diastolic stress, cardiac damage, and death or on the relation between segmental lesions, complex ventricular arrhythmias, and sudden death. ECG abnormalities related to the disease, left ventricular systolic and diastolic dimensions, and ejection fraction were predictors of clinical events. However, left ventricular diastolic dimension and ECG abnormalities related to the disease were not predictors of mortality. This difference between index of mortality and clinical events is unclear. On the one hand, change in clinical group may indicate the unavoidable evolution towards the end phase of the disease and death. This evolution probably is the clinical expression of a chronically active diffuse myocarditis. 26 27 On the other hand, in the less advanced phases of cardiomyopathy, this active myocarditis would be clinically manifested as ECG abnormalities related to the disease or increased left ventricular diastolic dimension. However, as the cardiac damage worsens, the systolic function may be impaired, thus being the main cause of death.
Regarding the segmental lesions, no important differences were found with previous reports showing that segmental lesions are found mainly in the apical and posterior walls, 28 with hypokinesis and aneurysms being most common. 29 30 It is important to point out that segmental lesions were found in asymptomatic patients with a normal ECG (group 0), suggesting that any person with positive serology for T cruzi should be to considered to have chronic Chagas disease, bearing in mind that pathological findings depend on both the accuracy and sensitivity of the clinical tests used.
In this study, three types of segmental lesions were morphologically defined. To our knowledge, this is the first time that type 1 segmental lesions have been characterised. Echocardiography proved to be a useful complementary test for the clinical classification of chronic Chagas disease and for characterising the type of segmental lesions. Moreover, the echocardiogram may become a good predictor of the outcome of the disease.
Limitations of the study Although the aim of our study was evaluating the prognostic value of the most commonly used echocardiographic variables, right ventricular systolic function and diastolic dysfunction would also have been important to analyse. Unfortunately, it was not possible to evaluate these variables because of limitations in economic and technological resources.
The ejection fraction was calculated by the Teichholz method. The usefulness of this method is limited in the presence of segmental lesions. Aneurysm of the left main coronary artery in Takayasu arteritis A 30 year old women was admitted to our hospital for evaluation of syncope. Her blood pressure was 100/ 70 mm Hg in the left arm, while it was not recordable in the right arm. Systolic bruit was present over the right supraclavicular region. There was a blowing diastolic murmur over the left sternal border. ECG was normal. Laboratory studies gave either negative or normal results. There was no evidence of systemic inflammation. Erythrocyte sedimentation rate was normal, C reactive protein was negative, and blood counts were normal. Additionally rheumatoid factor and ANA were negative. She underwent angiographic evaluation with provisional diagnosis of Takayasu arteritis (TA). Aortogram revealed mild aortic regurgitation, total occlusion of the right subclavian artery, narrowing of the proximal left subclavian artery (below, left panel), and stenosis of the supra renal aorta (middle panel) consistent with a diagnosis of TA. Coronary angiogram showed a large aneurysm of the left main coronary artery (right panel).
Most of the discrete coronary artery aneurysms are atherosclerotic in origin; other causes of coronary aneurysms include Kawasaki disease, Takayasu disease, polyarteritis nodosa, and systemic lupus erythematosis. TA is a chronic inflammatory vasculitis characterised by stenosis or obliteration of large and medium sized arteries. Morbidity results from arterial stenosis and organ ischaemia as well as from aneurysm formation. The cardiac sequelae of TA are far more commonly due to aortic regurgitation and inadequately treated hypertension than arteritis affecting the coronary vessels. Coronary arteries are affected in approximately 10% of the cases. Most of the lesions cause luminal narrowing; however, coronary aneurysm formation is extremely rare. The left main coronary artery is the least frequently involved artery. Aneurysm formation results from extensive destruction of elastic fibres in the media of the involved arterial wall as well as from arterial hypertension. A coronary aneurysm often causes stasis of blood flow and results in mural thrombus and myocardial infarction; saccular aneurysm may get thrombosed, ruptured or enlarged, resulting in myocardial infarction, cardiac tamponade or sudden death. 
